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" * OF THg IHVEirriO.y 

This invention is concerned broadly with -h- 
i.A^aiticn of pathological or undesired ce” OT - e. • ~ 
ia 3a “ a ^ ^ “=« of a new growth -<nh^-C 

5 More specifically -u e • * * 9 ^Position. 

/, — e -resa.. w invention is c’ror 
growth- inhibiting composition comprising a v-h’y ^ * 
cyc^rin derivttlv. an, a !ate„t .Ac:W.: " 

inhibiting cocpound, and to the use c* -Vs --'“■J. 
inhibit undesired or pathological grcudA. ^ 

angiogenesis which is associated with, i„te- alia th 
of oalignant tumors. ' the 9 ro ^th ^ 


aACKG ?oo-vfD OF rag nrvzNTTn^ 
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-A' 1 ' B£aa-MQ.x;mi 3 iTi ffi , or rrr . 

A-.giogenesis, the induction of arouth 1 

blood vessels, is ir^oroant in nomai ° “P illa lV 

developaent of the enbrvo 4 ™ A 0 '"”' 53 3U = h « 

healing or wounds. xt is'aAoV T™ “““ and 
20 pathological processes such as 0 ^ 0 ^^^““ 

iauaune responses, and neoplasia 1 - , ‘ la “ a - icn ' ==«ain 

angiogenesis is induced by »« M «“* 

id necessary for their continued gro^h and that U 

also recognized that angiogenesis i- ■, • SUrVJVal - It: id 

number of cphthamolcgica 1 enth i " a a]or conponent of a 
diabetic -oh as 

glaucoma. Additionally aroi P a3ia and n<iOVas =ular 

rrr^ttrr~ •• * 

conditions inciudinrr t-h —logical 

‘exuding rheumatoid arthriti- • . • 

, 0 capillary growth can destroy ioint uc: '’ i,Bn °iP'dl 

in which abnomal o,,,^ «roiia,o; bcoahcgicoas. 

^ i ncDcar*' in w 

,r *^ c-n womi -t- r-y-iw ' * * ^ ^ ^ in newborns 


25 


develop in L ° r UP C ° 2 yflars; an< ?iof ibrona; 

xup m uh<> naaophar/nv • « 

Proliferation and r.hadding -ay •‘ > ° ria31i '' ^ Which QXC essivc 

9 *' V b ° dR ?«ndant on abnormal '' 


which 
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capillary growth in the derais (see <r o1 w 
Science 235:442 (19S7)]. * an and Klagsbrun, 

It has been previously disccve-e^ ► »,,* k 
heparin fragments) a-d — “ what he ? a "in (cr 

,, 5ic , en « sis . 7his is «. 

*PPU=«idn S „U1 Mo. fUcd , " **\?*«* 

«n Cancs ot which „ e incorporatad *„*'/ ' ti '" i 

adninistersd to ale , „ ith *; f. **‘«*"«- 

this semination can inhibit the ,.n.r>t^n‘ of" “ 

-Pillaty voxels that support tjor gro « h L? * 

the collapse of thn ki j * cause 

. pse of the bleed supply which supoorts th, t- 

A review ot the history of this discoverv Ipa of , 

subject natter is contained < n the D1 , h r' related 

Vessel Growth Regulated < n sonal h ^ " H ° W is aio °<* 

«=.H.A. Clowes «LrJ ZZ^T."2^Tt C 

Rssaarch. (m<) the contents ^ ^ £*“»• <=«*« 

incorporated heroin by reforonca for background. 

does not ^aTtho LniT^T^ *’”* 

- — — in^^tvt“:r ro ” h - rt 

~r 6) ImauV"* 4 ' 

Cdrtain^ondition-^but*” 4 *^* ^ h *“ t<,r eh “ lt ' Much « !s under 
other puhiit ”: b " rOWth "« stopped. Many 

oven in the „ « ‘ !POrt ° d C ° nCinUOd 9r ° Vth ot ““»» 

arosence ot largo .amounts of cortisone r- , 

-1=0 boon reported (Gross Ot al., Proo NaJlT 

13-176 (1961)1 tha- n«Hv- ia ACa °* Sci - USA 

a laaoer extent cortl<- 3Cy * ro *° 3trono ' dexamethasone and to 

rabbit corneas whilV^" 0 ' nhlbitGd tuaor angiogenesis in 
ineffective ^ 3 " 3 ' -travel and testosterone were 

kno m t“tcXi e r S0n0 ' ° !rtain ° ther =tQrUidS «. now 
together with hoparin '’‘’ !Pra ‘' 3 -hen ado into torod 

effective -tero^ " e * tMi " •“*«*" era^swnts. The i 

.,-..:..^ tr0ldS " av “ ba "" teforrod to as -hoparin- 

hQP '’ rin «“ l«*U now, „ niqua in Uo 


3^ ‘-^pendent* 


rl 

-ttr J JZi 
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or aesiraDle 

angiostatic steroids has been discussed in "A New Class of 

Steroids inhibits Angiogenesis in the Presence of Heparin or 
a Heparin Fragment-, R. Cron, s. Szaho and J. Folknan, 

5 Science 230:1375 (1935); and in 'Angiostatic Steroids-, j. 
olJcac n and D.a, ^ncoer. Annals of Surgery, 206 : 374 ( 1037 ) 
incorporated herein by reference for background purposes. 

. . Heparin ' a aucopolysaccharide, is a constitutent of 

various tissues, especially liver and i,.„„ , 

„ , * Aiver ana *.ung, and mast calls in 

,q several mammalian species. Chemically i+* hac x , 

icany, i w has been described 

1 # ^ycos,die.lly United suited copolymer of D- 

gluccsamina and D-giucuronic acid. However although h 

has bean used clinically as an anticoa 7' 5 heparln 

cencuny. both th e * ■ 

15 be a e 7 d ? y “ hiCh 16 iCtS tn bl0 ° d Nation navV^oT" 

HUCti °* 0,3 ditti ^y in determining the 

that L I n ”r ltS fr “° itS COD?l3Xi ^ •- «•. fact 
Heparin is ^ap^I ^stance. 

20 about 5,000 to 40 000 tilth ^ *° ° CUlar Waight range from 

' Ju0 * Within a given chain .u- 

structural variations such as the varvino d^' al3 ° 

sulfation, H-acetylation and c-s ^,1^^^“ ll 

acid residue. P i-ation m the uronic 

A major disadvantage in 

steroid to inhib"- • "* Use ° f heparin with a 

<-o innwu angiogenesis results „ u 

heparins manufactured by diffnr.nt “ fact that 

companies revealed guir, d.,;,^,. ^ dtf£eren,: 

d-pite similar anticoagulant ^Iv ^rT" 1 " a ~ iviti - 

imposition of commercial * • Tha precii3Q 

30 on its source and mathed o/aa^f <5PParGntlir Varie * depending 
Q ay be combined with ccrti^noT WhilG somo heparins 

heparins are not of fact^" ^ -her 

ln ° rdor ,:o he effective may bn . ” faCt ' * 0i!i * heparins 
that administration may cause " r *^ Ur ° d in 3Uch high dosds 

“ ant icoagulant activ-i-v - J " ‘ ° ° mS dUe to the 

ox: hnoarin a , 

• ln - A second disadvantage is 
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that whale heparins apparently can inhibit «■* 
responsive tuners vhen administe-sd i„‘ th grW:! ' ° f 
an d proper ratio to steroid, and'even Pr=Per d ° Se r 3 n 9 ® 

somewhat higher doses and ratios • h ’ • Pr °"° ta re St«=i=n at 
resumption of rapid tumor gro^’wh T* *“ **“ <""" 
higher dose ievels and ratios to ster-d '"T**'* “ ^ 
Presence of both positive and negative -egulat --" 3 '- 0 '’ 1 ' 1 
angiogenesis in heparin may create »r»M ° £ 

administering the drug. An addif ' S ln pr0perl ' / 

f rom the anticoaguiant .ctiviro^a^'"^* 

tse to low dosage levels or to oral ad^un r “ triCtin ® 
to avoid bleedino. finallv h migration in order 

the corneal membrane ! it C L heP * rin “”»* penetrate 

exterior of the cornea ^r ^s a ^ 111 ' * PPUad « “ 3 
15 activity. ©sired antiangicgenic 
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2 * 2 ’ CYCLODEXTRIHs 

Cyclodextrins (hereinafter referred to f n 
as CD or CDs for the sinm.i d for convenience 

cne singular and the nlurvii 

are cyclic oligosaccharides consisting - ' itSpecCAVel y> 

glucopyranose units Al-h „ 9 ° f at - loast s ix 

glucopyranose uniti’ara taZ ^ ^ ^ ^ 

have been studied extensively * ^ homologs 

simple, well-defined chemical '-tru^T COn,P ° Unds have tho 
The common designations of the\ ° ShOWn ^ FIG ’ I(A)> 

- ,-CDs are us’Td ^ 

refer to the che«^,i a. -Pacification and will 

n " 6 ' 7 ' or 0 ^^Pyrano^unlL 3 ^ ln t FIG ' ^ WherQin 
discovery of the CDs h ' P ect ivoiy. The initial 

oado at^bout 1, h dC9radatio " Of starch was 

that these compound ^cou Id ^ Scha ^ingor showed 

r u ; n p :i:r b : “r— « 

tbo compounds are often referred to a^ * 1’ 

They are also -omet-'m ^ Schard i n 9 ©r dextrine. 

3 1 ° • jODCtl=le = called cycloamy loses . 



* w Am a y; 


torus, as show, in Tic. 1(3), the uuoerY'a *, 1 *? 

vith prisary -CHjCH groups, and the leva.- ,. la ACh 13 U " ad 

."vdroxvl erreuns Ccavia",, . . "ith secondary 

* '=--«-?*>. '-caxia ii y aliened wir 1 ’ - N „ _ 1 

5 channel -like cavity of about 5 , 6 cr 7.5 a’u 13 3 

tho o-, £-, and 7 -C0s, respectively. ^s» ...■T '” 1 £ ° r 

cyclodextrins capable e . <otaln , inclusion ' c ~ l"'? *"• 

hydrophobic guest tolecuies or suitable dTap.^"** 

A reasonably large number or CD dcivat've. >, 

,0 Prepared and described in the literature. r bean 

chemically modiried CDs are romed by rs.--i” 9encra1 ' these 

or secondary hydroxyl groups attached to' "c * °V ^ 

l FIG . 1(A)], Without disturbing the a (i — > ’ 3 ° r 6 

Unhages. A review or such preparations i, ; gi ° miaCetal 

5 Tetrahedron Report Humber 147, 

Modiried Cyclodextrins*, A .P. crort and*R T ^ a5UCally 

Tetrahedron 11 ( 9 ,= 14l7-i4 74 , 19 „, , inco^LTr' • 

reference rcr background (hereinarter rerer-!! n by 

Tetrahedron Report Ho. 147") . ' o as 

) In particular, a-, 3 -. and 7 _ co su i , 

shown as Compound Hos. 207 , 203, and 2 0S < - ' ' * Salt) arc 

Report Ho. 147, (suora, Table 2S _ D-14ss ' ^-trahedron 

2 , 323,704 to Barger de-c-i > •. *' ’ S * Pa tent 

_ g ae^Csiuea the precarat 

u ates. u.s. Patant 4 , 020,150 to Serste- - ay =I°amylose 

Fetent Hos. 4,247,33, and 4,253,130 to lev",' « al ^ U ' S ' 

the use or modiried oyclodextrah sul-ate* a - d i==lose 

inhibitors. U.s. patent 4,333 392 t ' I ^ C ° mplt!Da ht 

preparation or a water-solas' i^im^!: d -“*- «- 

steroid and unmodirind 3 -cyclodoxtrln u <f'"' ° r J 

buorT" , ‘ 1 * ClOSa9 Ch ° Ministration ,bv 594 ' 7 ” 

ec ‘ 1 roUt *> O' «* hormones, partic-lari' ! A ‘ n9Ual or 
progesterone and estradiol in the ^ 

^pounds With hydrorypropy 1 -,-co or “ clU3i «" . . 

loitgeir., rererences are believed to "s'- • 1 . "° nc at <*« 
applicants- invention as described and ol.J ' ! ° bVlo '« 1 
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3 ' ~ VAi<TAGE ' S A - SD r- ?ur 

We have now found th-f — - H - i-Wrur-roe 

soluble derivatives of the ^1^"' and V6ry «cer- 

--gather with a latent grewch-inhibit -'ll ^p 8 " adJal ' Usta red 

5 -ertisone or hydrocortisone or with a Steroid *«* as 

inhibiting organic ccapound effect , «rowch- 

Without exhibiting the undesirable in,lo «* n «*i* 

One of Che objects of the „ ” SS ° £ h «Parin. 

provide a novel conoositioo • presant invention is to 

,0 oyclodextrin and a grovth-inh'ibiting 9 -" C " 5riVatiVa o£ * 

coaposition is effective for Vhich - 

growth, especially angiogenesis o T* ^ tlssua 

including huaanl " treating *»»». in 

« P*»~ac.«i«I ZZZZT P-id. 

gyoicdextrin derivative, * hi9hi " soluble 

-It, and one or core steroid 

Another object of the present i™ _ . 

_a bethcd of treating diseases or cogdita * C ° P ~ Vida 

20 : haractapi = a d by angiogenesis by inhibltT* a3S ° Ciated ° r 
angiogenesis i n aaaaals inr1 .. tlntJ undesired 

treataant. 1S ' lnClUalng huaans, in ne „ d of sucft 

A fuirthcr obi pc t nr 7 

P-vide a nethcd for troatill Pr ° 3£nt ia p ° 

25 p -ing a tuaor burden L “ " a " fflalS ' 

thQ tumor masses. r ° St and/or to regress growth of 

These and other objects' *. 

Present invention win ° f thc 

Cho art upon reviewing the foil!!- ohilled in 

30 oiairs. lng description and appended 


Thin • the rnr m, 

undeoired or' " CO, ” posici °" £ °r inhibiting 

« > - — >zzzzrz: ,,m ~* 

' ° aic * cempocitucn 
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comprising active agents consisting essential^ ^ pi a " 
a ter-soiubie derivative of a- a - or- _ a very 

combination vith (2) a ’a-en*- . 7 CyC odeJrti *in in 

(2) a .a.en, grcvtn-inhibiting s-e>- 0 ^ „ 

non-scsrcida • ; u,- *. • y 5 -eroid or a 

: * 1 “ n --~i‘-ing organic compound. 

> This invention further p revues * 

undesired or pathological cell or m ~ “ ° Z lrJlibit ing 

angiogenesis) in pammais, includi ' including 

administering thereto a grovth-inhL-T 

=tir:;r rr L - 

«> ■ — with 

growth-inhibiting organic c.n 0 »d 1 "°"- s teroidai. 

invention can he accomplished’eilL 

agents and administering the combination vfa aCtiVa 

ts alternatively, by administering each of th ”“** 

separately and permitting the combination to ^ *“”• * 9entS 
According to the alternative mode, the two t ~ ~ ’ 
be administered separately via the s active agents can 

S ° ^ - — agents are' tl^u HI ” T”™ 

simultaneouslv i„ „ • • to ° G Present 

aneousl/ m combination in vivo. 

This invention further orovides a ^ 

angiogenesis in mammals, includina h ^ ° f lnhlbiti n<? 

administering thereto an 

composition comprising active agents contt 9 ° f 4 

° f ( 1 , a very water-soluble derivative 0 f" 9 
byclodextrin in combination with « * , ° r ’’ 

angiogenesis inhibitor selected tLl Ih 006 

a latent grovth-inuibiting steroid ard I C ° n31Sting of 

growth-inhibiting organic compound 1'aid 
characterized by a S olubii> • ' derivative being 

about 20 grams per loo aiililile,.! 13 ^ 11 *'* '' aCer ° f at lsast 
This invention forthe- prlC °' C ' 
the pathological growth of s-^corh , " °« inhil **i„, 

including humans, in need of such CeU= ^ milnMls - 

comprises administering thereto a groCtTI- ' 

^ r ° rtt h- inhibiting amount of 
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u composition comprising as ac~-v* a 

cyclodextrin derivative; preferably *"”* 3 ^ WaCer ' s °l^I. 
cyclodextrin sulfate sal*- C( , „• . 3 Very Wats r-soluble 

sulfated anion Q - c> . n " lsting essentially of the 

5 non-toxic physiologically acceptable Wie! * 2 

TSo _ 5 ’. OF THE .to o,. 

reference to the followl'n^de^i!^ Ur-derStood b V 

,0 invention, examples of splcific e !! " eSCriptl ° n « 

nnd appended figures in which: dV, ” ents ° f tha inw.tion' 

the chemical structurl of * =CheaaClc representation of: (A1 

f8 ’ ° f tha ^--^i-nsionli^rapro;;;^ 10 ^^ 1 " 5 '- and 

15 fig. 2 (A and B) ay* k • -these cyclodextrins . 

d-cyclodcxtrin tetradeoa sZlttZlcZns'TX ^ ^ 

growth of (A) rat ^ ^ CD TDs > or heparin on 

aortic smooth muscle cells H t • 06113 ^ (B) Calf 

FIG. 3(a „ tissue culture. 

o effect of t=picau^a^i«°^^ rSPreSent;,,:io '’ ° f «>* 

Papillary vessel development in the Ip Jt 
of < A > Endotoxin alone (1 e - „ ‘“ bblt =nrnea. Effects 

hydrocortisone alo„ / ° l Gr ° up) ; < B > 

hydrocortisone, ' °”“ P 2> ’ (c) + 

ere shown. See text for ' <D> p ~ C °' ms alono (Group a) 

text for experimental details. 

inplantation^of^ust lined “i"”"*- «“ •“«* 

various agents on endotoxi^! T* P ° lyMrS ^^atin, 
elongation in the -sbbit " UCGd ca P lllar Y hlood vessel 
(Control Group, rZ* C ° rne2 ' ! ° ] “ End ««in alone, 
td.) = Cortexolone alone, *°! * Cortox ° l °no, (Group 2 , , 

(Group .j). SoQ t P >' anti C °J = ^-CD-TDS alone, 

Xt f ° r experimental details. 
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6 . DgTAI LgD DESCRIPTION O? THE 
The present inventors searched for a compound other 
than heparin, which would not have the disadvantages of 
heparin, but which when combined with a sreroid would be 
5 effective for suppressing undesired or pathological ceil or 
tissue growth including angiogenesis and, therefore, would be 

effective, inter .alia, for controlling or eliminating tumors 
m ^annals, including hunans. 

Because of the known ability of cyclodextrins 
10 J - r * cludir *9 ^ CD tc form water soluble inclusion compounds with 
steroids, we attempted to make use of mixtures of unmodified 
CDs with hydrocortisone. However,- it was discovered that 
sucn mixtures had no effect for suppressing angiogenesis, as 
shown by Examples 13-20 (infra. Section 7) . 

5 Quite surprisingly , we discovered that highly water- 

soluble salts of cyclcdextrin in combination with a steroid, 
sucn as hydrocortisone, were effective for inhibiting 
angiogenesis. In particular, /J-CD tetradeca sulfate "(, 9 -CD- 
TDS) was found to be vary effective. In other words, a 
3 composition comprising a steroid and a water-soluble 
cyclodextrin derivative is effective for inhibiting undesired 

° r growth, including angiogenesis, ana for 

treating tumors in mammals. 

The CD sulfates and other highly water-soluble 
; derivatives discussed herein have been found to be 
reproducible in their effect in the chick chorioallantoic 
membrane (CAM) assay described below. This assay has been 
emp oyed as a model assay to detect angiogenic activity of 
various substances. [Xlagsbrun at al., cancer Res. 

tho mithod^’ ■I - 1 ' 20 SSP ^ rate batches p-CD-TDS prepared by 
„ aescilced ln Example l(A) wore compared in the CAM 
—ay. results for the three sepa. ie batches were 

indistinguishable. The h^ahlv U 1 f„. . , , 

* -‘-g^y water-soluble CD derivatives 
numic v.he advantageous nr 

• . . ^ " rej OL ^nt langiogenic heparin 

*■ ithouu its disadvantages The<- e > 

g • rn._,e ..r.^inqs also set aside the 
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notion that haparin is unique in its mi* • 

cr.gicr.es is when combined with , suitable « TrllT.^ 

We have also found that use of - k • w , 

CD derivative suer as d-ca-TOS together wi-h a water-soluble 
5 compound that inhibits growth in the ,v "on-steroidal 

hetarin <„ ■ " Che aSsw =e of . exogenous 

heparin, l.e.. a coopound that inherently has tone 

“ viangiogenic activity, surprisingXy potentiates fa 

tiangiogemc activity of such coopound. Examples - -,-u 

non-steroidal compounds inciude, but are not limited 

,0 ProUne analogs such as W-aaetidinecarborylie acid. 


COOH 


(see, infra, Example 24 ), cishyd— -o-oi - 
dehydroproline, and transretin£"II; 3 '" 

"r^hi-h a I bOXYUC . aCid iS -“«**"« “ «‘rc* under- Coopound 
20 I r I dCaC -'^ tlon ia incorporated herein by reference . 
des ■ ^ . 6r anCl Foltauan ' ^h. Investig. 59:41 (1983) for a 

absnee If diStingUi:Ih Che braids (which in the 

25 activity! r~ heparin ' haV * "ntiangiogenic 

y) from such non-steroidal growth-inhibitory 

is u-ed h" ^ ' IUallfyin 9 Phrase 'latent growth-inhibiting' 

Hals t “• ^ 4dj * CtW « 'hon-steroidal' as used herein 

means a compound in which catbon ring =tru „ urG 

30 charac hur-ihtic of a sterol is absent. 

«.l. WATERrSOLUBLE OERIVATTvru op CYCrnnrvrmruc 
and/cr ioli 11 " W “° r ' = ° luble CD derivatives bearing non-ionic 

growth I! i UCn “ “ Se(Ul tor ‘"^tiac -desired 

!S according tc the present invention. .Suitable highly 
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vater-sciubie CO derivatives include a, 3 and 7 CD 

derivatives having non-ionic substituents including but net 

llaiSM t0 4lkyl suen as nethyl, ethyl, etc., as 

Jell as these In which a nueber of hydrexyl grcucs a-e 

5 "Placed 'ey other groups so as to increase the hydrophilic 
ac-rvt.y of Che CD. Such croups a'ay include, esters, ethe-s 
ti-icesters. thie ethers, carboxylic ac’ds -*■».„ 

whren convey hydrophilic activity by way of polar or hydrogen 
•d.ng constituents or they nay include partial hydroxyl 

1 0 SUDS t luuticn that allows better hvdr-crja-) . 

.. . . “ nyar«can bonding mvolvincr 

the remaining hydroxyl groups. 

The CD derivatives useful in the . 

Ui An '- ne ^resent invention are 

th,r * f0r * V °^ «**!.. Without 

winning to c*e bound by z ^ 

, y - helie^e mat a hichiv 

15 hydrophilic character- i- a. _ ^ y 

cellular „ ^ ^-P°rtant to allow interaction with 

c-llular surfaces. We also believe a very high water 
solubility- of the dsr'v^<”~ _ 

W . A Auyui uSut faCcOr which 

o rSrST lnteracts y ith the inherent complexing ability 
he structure to provide effective inhibition o^ 

20 Z C r nM1S “ ith “ “° 90no, “ Sta ” id - « provided bC this 
r. on. we oalievo that the hydrcphliiio activity is 

wa <._ 1 a^inity to water, as measured by 

. ity. it i s important to measure the same at crc 

: CS tenperatures the nose suitable derivative 

” ««ic“T iUti “ S ° ^ ae tniningful seasuments L 

As shown in Table III (Examples i 0 - 2 -> infr-. + - 

“ - “-rr 

g -Wn.. angiogenic activity. 0 f the CDs, the 3-cD 
2Q derivatives appear to be Eost nffc , ti 

pctnnrv ir . C1V ‘" In general, useful 

IcaJt'l l', , at a SOlUbUit V. »«« urtd at o-c, of at 

x..., ZZ in d — - — — y « . 

All soJubi’ ‘“v - ' Preferacly about 30 gn/ioo al. 

5 S oiubm;*';: / .: easuroaants raforcad to 


:/ <=-’ the substantially anhydrous derivativ, 


and 


jL£ 1 X j ir fc i ■ L ajW ^ — 
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when these are <?alts t- ~ +.k- 

"very soluble' as used ^ **** 

- — a. zzsjet * o< “ 

^ is '-oncenplaceci t:h n *• , 

5 

^hese are within the scope of this inventin' \,lv "' a ' 
highiv water-soluble derivatives i„ ' ° C ' JSh 

usefui, salt derivatives are IT”* *" 

ionic c=bpo!nriLive“froo 1 rcD V by "I her<!in an 

reagent. The preferred salt derivati^ef^ 0 " Wltl ' 3 SUit3ble 

cyclodextrin having substituents selected fr-Ha 1 ^ ^ * 
consisting of sulfate nho >, * d fr the grou P 

15 thereof associated with a no^toxir^h** 1 *'* ^ " ,iXtUr,!G 
acceptable cation. Many o” 1' ^“^ll/ 

known conmounds. /<;««* Tf>t . r h ^ errcd derivatives are 

(Saft ' Tetrahedron Report Nur^er 
sHEra). But many potentially useful f™ ' 

structurally or chemically of known " ai '’ Variants ' 

possess several different^ n ^ «V 

^rrr — — •* "» -:;:r of 

praf.^ “ it *»■ - «» 

potassium forms, since these Jn/toT “t Cha S ° diUa ^ 

solubil i t v • d fc lnpart increased water 

^oiuDiiity to organic anions Th« „h i 

Llv r r " haracterlstic °« electrolytes and 
polyelectrolytes when in aqueous solution a 
preferred salt derivative , „ oolution. A particularly 

-0 W-CO-TDS). ‘ d-cyclodextrin tetradeca sulfate 

the orei::-::^; 3 ": 7 ' cd auifat ° saics «° aii »“«• - 

pref^-red v, lnv «="Won. d-CD sulfate salts are ' 

be employed ^ «" 

glucose «!;/“ /* aV ° ra9C ° f ° n ° = UlCatG ««up per two 
°' J ° ' W ° SUltato groups per glucose unit. 


20 


25 
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Cyclodextrins having ?bcut two sulfate groups per glucose 
unit are preferred. Especially preferred is 0-CD-TDS which 
has an average of two sulfate groups per glucose unit. 


6.2. STEROIDS AND NON-STEROIDAL ORGANIC COMPOUNDS 
Among the steroids which are effective and can be 
utilized in the presently claimed invention are the 
following : 

17 alpha, 2 1-dihydroxy— 4 -pregene-3 , 11, 20- trione and its 21- 
acetate (or cortisone) ; 

11 alpha, 17 , 21-trihydroxypregn-4— ene— 3 , 20-dione (or 11 alpha 
hydrocortisone) ; 

11 beta, 17 alpha, 21-trihydroxypregn-4-ene-3 , 20-dione (or 
hvdrocortosone) ; 

17 alpha, 21-dihydroxypregna-4 , 9 (11) -diene-3 , 20-dione; 

15 alpha, 17 alpha, 2 l-trihydroxy-4 -pregnene-3 , 20-dione; 

16 alpha, 17 alpha, 2 1- trihydicoxy— 6 alpha— aethylpregn— 4— ene— 

3 . 20- dione-21-acetate— 16 , 17 cyclic ketal of acetone; 

6 alpha-f luoro-17 alpha, 21-dihydroxy-16 beta-methyl-pregna- 
4,9(11) -dinene-3 , 20-dione; 

6 alpha-f luorc-18 alpha , 21-dihydroxy-16 beta-methyl-pregna- 
4,9(11) -diene- 3 , 20-dione- 17 , 21-diacetata; 

6 beta, 17 alpha, 21-trihydroxypregn-4-ene-3 , 20-dione; 

17 alpha, 21-dihydroxypregn-4-ene-3 , 20-dione-21-acstate ; 

17 alpha, 2 l-dihydroxypregn-4-ene-3 , 20-dione (or 
Cortexolone) ; 

9 beta, 11 beta-epox" -17 alpha, 21-dihydrexy-2 alpha- 
methylpregn-4-ene-3 , 20-dione-21-acetate ; 

17 alpha, 2!-dihydroxy-16 alpha-aethylpregn-t-ene-3 , 20-dione; 
9 alpha, 11 beta-dichloro-17 alpha, 21-dihyriroxypregn-4-ene- 

3 . 20- dione-21-acetate 

17 alpha, 21-dihydroxv-6 alpha, 16 alpha-dixaethylpregn-4- 
ene-3 , 20-dione-2 1-acetate ; 

17 alpha, 21-dihyaroxy-l6 alpha-methylpregna-4 , 9 ( 11) -diene- 

3 . 20- dior.e-2 1-acetate ; 
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15 


20 


25 


20 


35 


3^0^:;e! 2 \l™T 1S 

6 ^lpha-flucro-l- alpha, 21 -dihydro*y - 16 beta-methylpregna- 

*(li) -diene-3 , 20-dione-17-acetate-21-benzoate • 

5 -’xa^'.h 1 ^ 1 '" 1 '"^' 16 beta " neth l' l Pbsgni-l, 4 , 9 ( 11 ,- 
-- iene-.3 , 20-dicr.e-17-succinata sodium oonohydrat- • 

aipna-fluoro-ll beta, 16 alpha, 17 alpha, 21-tetrahvd-oxv- 

pregn-4-ene-3 , 20-aione-i6 , 2 i-diacetate; 

17 alpha, 21 -dihydroxy -16 alpha-methylpregna- 1 , 4 , 9 ( U, - 
nene-3, 20-dicne-21-succinate sodium monohydrate; 

1 ^mifT"" 17 aiPh3 ' 21 - dihl,dro ^- ls b€ «a-nethyl-pregna- 

1,1, 9(11 )-tnene-3, 2 0-dione-2 1-succinate sodium; 

desoxy corticosterone ; 

testosterone ; 

estrone; and 

tstrahydro s. , 

More preferred are those steroids wh ic h i 
I™ iC ° id ““ > Tticoid activity , ~since such 

6 ' „ V S “ ” daSired ef£s « limits the dose site or 

invention the f ° r the pur P° se °f the present 

-7 21 tr H d SUCh "° re PrSferr5d Ster ° id3 «. 11 alpha, 

-',21 •trihydroxypregn-4-ene-3, 20-dione (or ll alpha- 

hydrocortisone, , 17 alpha, 21 -dihydroxypregn- 4 -ene -3 , 20-dione 

Ul-desoxycortisol or cortexolone) , and 17 alpha, 21 - 

dmydroxypregna-4 , 9 (il) -diene-3 , 20 -dione. 

None of the steroids themselves effectively inhibits 

angiogenesis nor causes regression of tumors in the absence 

a wa er-soluble cyclodextrin derivative of the present 
invention. 

As taught by the present invention, the growth- 
inhibitory. activity of non-storoidal organic compounds is 
P n<-iated by combination with a water-soluble cyclodextri- 
e.ivative. Among the non-steroidal growth-inhibiting 
organic compounds which are effective and can be utilized in 
be presently claimed invention are the following; proline 
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analogs such as L-2 azetidinecarboxylic, cishydroxyproline, 
and 3 , 4 -dehydroproline and transretinoic acid acid. 

Additionally, any non-steroidal organic compound which 
in combination with a cyclodextrin derivative demonstrates 
5 growth . inhibiting activity in either of the bioassavs 

described below can be utilized in the methods of the "* 


presently claimed invention. • 

Several bioassays have been developed to estimate the 
angiogenic- inhibit ing potency, if any, of a substance. The 
jq rabbit cornea is the basis of one of these methods. The 

cornea is avascular. A small pocket can be made in it and a 
tumor implant can be inserted while the rabbit is 
anesthetized. The tumor is separated from the vascular bed 
of the host. New capillary blood vessels will grow in a 
jg linear manner toward the tumor, and the rate oi" vessel growth 
can be measured. [For a more detailed description of this 
assay, see. Giabrone et ai., J. Nat'l cancer Inst. 52:413 
(1973) incorporated herein by reference]. 

A more economic bioassay makes use of the 
-,q chorioallantoic membrane of the chick embryo. This test will 
for convenience be referred to hereinafter as the *CAM 
assay*. For a more detailed description of the CAM assay, 
see Folkman et al . , Science 221 :719 (1983), incorporated 
herein by reference. A typical CAM assay, such as used for 
25 the evaluations in the examples in Section 7, infra , employs 
16 eggs per experiment. A 2 mm diameter disk of 


methylcellulose containing the test substance is applied to 
the chorioallantoic membrane of a 6 — day chick embryo, 
cultured in a Petri dish, in a humidified incubator with 3 % 
carbon oicxide. Two days later ( 8 -day embryo), the membrane 
is examined under a stereomicroscope at six- to tan-fold 
magnification. Inhibition of angiogenesis by the test 
substance is evidenced by the development of an avascular 
zone around the methylcellulose disc. An avascular zone of 4 


35 0:3 graded as (++) and an avascular zone of 2 mm is graded 
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at (+) . The potency of the inhibition at the 2 mm and 4 mm 
zone (s) are expressed as the percentage of the total number 
of eggs (usually 16) in the test that were rated (++) or (+) 
i.e., the % of 'successes". A rating of zero % reflects 
5 absence of inhibition of the test substance under the test 
conditions. 

The sustained release methylcellulose discs are 
prepared by dispersing appropriate amount (s) of the test 
substance of substances in an 0.45% aqueous solution of 
10 methylcellulose, and depositing 10 microliter aliquots of the 
resulting solution in a Teflon mold, . followed by air drying 
for about one hour in a laminar flow hoed. 

A very advantageous feature of the CAM assay is the 
very high sensitivity of the chick embryo to toxic 
15 substances. Moreover, the lack of toxicity of a substance in 
the CAM assay has been correlated with lack of toxicity of 
such substance when administered to other animals. 

6 • 3 . APPLICATIONS AND METHODS OF USE 
20 The composition of the present invention is useful for 

inhibiting undesired cell and tissue growth, including 
angiogenesis. Of course, the composition of the present 
invention comprising a water soluble derivative of an a-, f}~ 
or 7-CC and a steroid is to be administered to mammals 
25 deluding humans in need of such treatment. For example, 
mammals with tumors are in need of treatment with the 
composition of the present invention. While not completely 
understood, it is believed that treatment with the 
composition of the present invention inhibits the creation of 
30 new capillaries necessary for tumor growth. This results in 
tumor having an insufficient supply of nutrients 
essential for its growth or even for its vitality. Thus, 
tumors in mammals including humans, when treated in; 
accordance with the present invention, do not grew and may 
35 aven lose their vitality and die. Among the tumors 
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contemplated as responsive to the coaposition and methods of 
this invention are Reticulum Cell Sarcoaa, Lewis Lung 
Carcinoma, 3-16 Melanoma, and 31adder Carcinoma, etc. 

Neither mature non-growing hlccd vessels nor vascular 
tissue appear to be affected by the treatment with the 
composition of the present invention. Inhibition of 
angiogenesis in accordance with the present invention, in 
addition to its effect upon tuner regression and metastasis 
in tumor-bearing animals, may be effective in treating a 
number of other ailments. 

The present invention further provides a method for 
treatment of a number of other non-tumorous disorders which 
are characterized by pathological cell or tissue growth, 
including angiogenesis. Thus the invention provides a method 
15 for treatment of mammals, including humans, afflicted with a 
number of non— neoplastic pathological conditions including 

a f n i H ;a t-+* hrif ic t n tjVi i v-m -*i _ _ _ 4 t i _ __ i_ _ .. . 

— , — - « '***—>'-’«* ^^**w*. *u >-a^iiiai.y ^'lOWUl Cdfl 

destroy joint cartilage; hemanogiomas , in which abnormal 
capillary proliferation appears in newborns and can persist 
20 U P 2 years; angiofibromas which devoloD in the 

nasopharynx; psoriasis, in which excessive proliferation and 
shedding may be dependent on abnormal capillar 1 / growth in the 
dermis . Additionally, the present invention provides a 
method for treatment of a number of ophthalmological 
25 P^^holc^iss which ai'- associated with undesired angiogenesis, 
including diabetic retinopathy, retrolental fibroplasia and 
neovascular glaucoma. 

The present invention furcher provides a method for 
inhibiting undesired smooth muscle cell development often 
50 observed following angioplasty or treatment to remove 
erot ic plagues which occ] ’’is blood vessels. 

According to one embodiment of the method of the , ■ 
present invention, the active agents are mixed together prior 
to admin + ^ ur at ion so that the steroid compound or non— 

35 3te ~oidal growth-inhibiting compound is administered in 
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combination with the water-soluble cyclodextrin derivative. 
After the mixture is prepared, it nay be administered orally 
or parenterally including, inter alia, topical application, 
intravenous, intra-arterial or subcutaneous injection, and 
5 including absorption as well as injection and introduction 
into bcdy apertures or orifices. 

Cortisone and its physiologically accepted ncn-tcxic 
derivatives, such as the acetates, as well as many other 
steroids useful in the present invention, are only slightly 
I0 soluble in water. However, when combined with the water- 
soluble cyclodextrin derivatives of the invention, the 
resulting complexes have increased water solubility. 
Accordingly, the composition of the present invention can 
easily be administered. The term 'cortisone' and 
'hydrocortisone' and 11-a isomer of hydrocortisone as used 
the present specification and claims are intended to include 
both the steroids themselves and their derivatives and 


15 


m 


structural variants. 

According to an alternate' embodiment of the method cf 
20 the inve ntion, the active agents are each administered 
separately and the combination of the two agents forms in 
vivo. in this embodiment, the two active agents can be 
introduced separately either via the same or different routes 
of administration, so long as both agents are thus present 
25 simultaneously in vivo , permitting a complex mixture of the 
two active agents to form. 


Dosages employed are limited only by the well-known 
limits of the administration of drugs individually for their 
usual effects, in the case of cortisone, hydrocortisone, or 
30 11-2 isomer. Since the CD derivatives useful herein have no 
anticoagulant effect and show no toxicity in the CAM test at 
dosages employed according to the method of the invention 
(see below) , they may be administered percutaneously in 
dosages at least as large as those acceptable for heparin. 

35 Oral dosage may be csnsiderably higher. Simple testing, for 










W< . b?;\jo63$ 


PCT/US89/00175 



example by the procedure of Example 3 in U.S. Patent 
Application Serial Number 641,305, filed August 16, 1984, 

suffices to determine effectiveness and optimum dose. The 
procedure of Example 3 is incorporated herein by reference. 

5 The dose amount required to bring about arrest of 

tumor growth or regression of tumors varies depending upon 
the identity of the turner, as dees the length of tire 
required to bring about arrest or regression of tumors. 

Tumor size at the beginning of treatment also affects the 
jq length of time for complete regression. Because 

administration of cortisone, with or without £-CD-TDS (Na) , 
for example, may result in pulmonary infection after a number 
of days, it may be desirable to administer a suitable 
antibiotic as prophylaxis during treatment in accordance with 
15 the present invention. Such antibiotics can be mixed with 
the water-soluble cyclcdextrin derivative and the steroid or 
non-steroidal growth- inhibiting agents of the invention and 
administered as a mixture or, alternatively, the antibiotics 
can be administered alone contemporaneously with the watsr- 
soluble cyclodextri.ns and growth-inhibiting agents of the 
invention either by the same or a different route of 
administration. 

As shown in Table I, infra Section 7, it appears that 
a weight ratio greater than about 2:1 or a molar ratio of 
25 sr than about 0.4 of water-soluble CD derivative to 

steroid leads to a decrease of antiangiogenic activity. 

The preferred molar range and the molar ratio of CD 
derivative to angiostatic agent (steroidal or non— steroidal) 
is 0.004 to about C.7. A more preferred useful range is 
30 0.04 to about 0.7. The latter range is particularly 

userul in topical applications, including as eye drops for 
ophtalamological uses. The amount of angiostat will 
generally be of the orcer of 0.1 to 10 ng/ml when admixed 
with tne CD derivative , however, the absolute amount may 
25 < - G P Gnc i cn the mode and frequency of administration 
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The effective conpositions of this invention are be-t 
administered in a suitable carrier, which must be non-toxic 
and physiologically acceptable, such as water or normal 
saline solution. Compositions containing mixtures of the 
.5 active agents or each of the active agents alone, either dry 
or in a suitable carrier, can be employed. 


:o 


7 . EXAMPLES 

The following examples are provided to illustrate this 
invention. However, they are not to be construed as limiting 
cne scope of the invention, which scope is determined by this 
entire specification including the' appended claims. All 
amounts and proportions shown are by weight unless 
explicitely stated to be otherwise. For the CAM. assay, 

i'5 however ' * refers to the number of 'successes'. (See Section 
6.3, above) . 


Examples 1 (A-Dl 

This example illustrates the best mode known to us for 
2Q preparing and purifying cyclodextrin sulfates. The method is 
not par sa considered part of the present invention. 

(A) 3 CD-TDS(Na) : 

cyclodextrin (99% pure dihydrate) was purchased from 
25 Chemalog (a division of General Dynamics Corp.), South 
Plainfield, Hew Jersey. 

5.0 grams of p-cyclodextrin (4.4 mmoles, i.e., about 
92 maq -OH) was dissolved in 250 ml of dimethyl formamide 
(DMr). To this solution was added 15.0 grams of (CH ) N--SO 
30 (108 mmoles) m a single portion and the reaction mixture was 
heated to 70 *C. After two hours at 70 *c, a gummy material 
began to precipitate. The reaction mixture was maintained at 
70 -c with vigorous stirring, and then cooled to room : 
temperature. The DM” layer was then decanted and discarded, 

35 and the solid residue was dissolved in 250 ml of water 
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followed by addition cf 75 ml of 30% sodium acetate. The 
mixture was stirred vigorously lor 4 hours and then poured 
into 4000 ml of ethanol. After standing overnight, the 
mixture was filtered tc recover the crystallized solids. The 
5 filter cake was washed with ethanol (absolute) followed by 
diethyl ether. The product was then dried under vacuum over 
" 2 ^ 5 ' j.0.3 grams or white powder was recovered. The product 

was hygroscopic. 

The product was analyzed under conditions such that 
J0 sorption of water was minimized. Elemental analysis gave the 
following results: C=lo.S4, ?i=2.65, S=17.33 (Calculated for 

]_ 2 ,^ 2^ a 2 ' ® ^ » ^ =2 * 19 , S=1 / . 4 9 ) . (a] ^=75 * ( C=2 .63 

in 0.5 M Wacl) . The analysis corresponds to that expected 
for an average substitution of two hydroxyl groups for each 
15 glucopyranose unit, i.e., .14 hydroxyls per CD molecules. The 
calculated yield for such £-CD-TDS salt is 10.96 grams, about 
6 % higher than the observed 10.3 grams. 

(3) a- and t-CD-S (Na salt) : 

20 The procedure described above was used for these 

preparations except that 86 mmoles of CH 3 N-S 0 3 was used with 
a-CD, and 117 mmoles with the 7 -CD. 

The sulfated a-CD salt analyzed C=18.76; H=2.60; 
s=16,22 > This corresponds on average to a substitution of 
25 about 11.7 hydroxyl units per a-CD molecule. 

The sulfated 7 -CD salt analyzed C=18.92; H=2.69; 
S=14.84. This corresponds on average to a substitution of 
about 14 hydroxyl groups per 7 -CD molecule. 


30 _(C) 3 ' CD-5Q , (Na salt) (7,1 vt% S) : 

1.0 gm of £-cyclodextrin was dissolved into 50 ml of 
DHF. To this solution was added 883 mg of (CH 3 ) 3 N'SQ 3 (7.2 ' 

equivalents) . The solution was held at 75 *C for 12 hours, at 
which time no precipitate had formed. The reaction mixture 
35 was cooled to room temperature. To the solution was added 
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200 ml of ethanol. The resulting colloidal solution was then 
poured into 600 ml of diethyl ether. A white solid formed in 
2 hours. The solid was collected by filtration and then was 
dissolved in 30 =1 H.,0. This solution was stirred for 2 
5 hours. After stirring, the solution was poured into 900 ml 
of a- 2:1 Et0K-Et,0 solution. Crystals formed over an 5 hour 
period. The crystals were collected and washed wits 


The product was dried ove** ° ~ 

- 2~5 '* 1,Ger vacuum. 1.13 ga of 

powder was recovered. (72.4% yield). 

10 Elemental analysis of the product showed c= 32 . 49 ; 

H=4 .99; and S=7.06. This corresponds on average to a 
substitution of about 3.5 hydroxyls per ,s-CD aclecule. 

(D) 5-CD-Propoxylate -14 s o^ 

15 '/3-CD- (hydroxy-n-propy 1 ether) was obtained from 

American Maize-Products Co. (Hammond, IN) and the procedure 

described abnv^ — . . 

- i.ne suuate salt, £-CD- 

(~4Pr~14 SO, ) . 

4 


~ n examples the angiogenesis-inhibiting potency 

of hydrocortisone with various dosage levels of £-CD-TDS 
prepared as in Example 1 was evaluated by the CAM assay. The 
methylcellulose discs all contained 60 pg of the steroid but 
5 the /3-CD-TDS was varied from 100 pg down to 0.05 pg. The 
results are summarized in Table I. As can be seen from the 
data, angiogenesis inhibition persists with extremely low 
levels (0.05 pg) of the CD compound with no evidence of 
activation of angiogenesis at two thousand-fold higher 
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TABLZ I 






CAM 

Assay 

Exanple No. 

Hydrccorti 

scr.e Beta-CD-TDS 

{ -r-r ) 

(-»•> 


ug _ . 

'• 

% 

% 

5 2 ' ' 

60 

100 


57 

3 

•mV 

50 

60 

ICC 

4 


50 

22 

55 

5 

ft 

25 

10 

60 

6 

jsr 

25 

18 

55 

10 7 

m 

10 

40 

70 

3 

ft 

10 

6 

40 

9 

rt 

5 

0 

50 

10 

ft 

1 

0 

50 

11 

9 

1 

0 

42 

15 12 

ft 

0.5 

0 

40 

13 

a 

0.1 

0 

45 

14 

tt 

0.1 

0 

37 

15 

it 

0.05 

0 

20 


20 


In contrast with these results, CAM tests made with 
100 nq of a-, p- or 7** cyclodextrin with 50 pg of 
hydrocortisone all showed total absence of angiogenesis- 
inhibition [no successes at either the 1 nun zone (+) or the 2 
25 urn zone (++) level] . 

Examples 10-17 

Examples 16 and 17 illustrate the low, but useful, 
activity afforded by the sulfated a-CD and 7 -CD as shown in 
a0 Table II. Date for Exaaples 5 and 6 are included for 

comparison. All tests were made with 25 of the indicated 
CD sulfate and 50 pg of cortisone. ^ 


35 


TABLE II 


as 

If 

p 



ExamDle 

No. 


10 


CD 


Sulfur, 


CAM Assay 

( + ) 


16 

Alpha 

16.2 

3 

% 

/■> 

yj 

1 i 

Gamma 

18 . 9 

15 

0 


8eta-CD— TDS 

17.3 

60 

15 

6 

Beta-CD-TDS 

17.3 

55 

13 


Examples 18-22 

This group of examples shows that the angiogenesis 
suppression activity requires, aside from the characteristic 
complexing activity of the CD structure, a high water 
15 solubility. The CAM assays were made with a dosage of 50 P g 

to 60 pg of hydrocortisone in 10 pi of 0.45% methylcellulose 
in water. 

In order to make comparisons that included the very 
water-soluble CD sulfates, the solubilities of which were so 
20 high at room temperature that measurement was not practical, 
all sol-ability measurements were made in liquid water at zero 
C. One can picture this to be a measure of the competition 
of the hydrophile bonding with water in relation to the 
orderly bonding of water to itself. Those comparisons are 
25 summarized in Table III. 

Examples is, 19 and 20 describe the results for the 
uiiuubstituted CDs, which gave no indication of angiogenesis 
suppression activity in the CAM assay. Example 21 shows the 
results for a sample of propoxylated 0-CD (hydroxy-n-prepyl 
30 ether) obtained from American Maize-Products Co. (Hammond, 

IN) , reported to have an average of about 4 hydroxypropyl 
groups per CD molecule. Examples 22 shows the results - 

obtained with the less sul fated 0-CD product from Example 
1(C) above. The results for Examples, IS, 17 and 5, 
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including water solubilities at zero *C, are included to 
complete the comparison. 
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TABLE III 
CAM Assays 


Con- 


Gene , 


pound uq/io gj Examples 


7-CD 100 

j3-CD- 100 

propoxy- 25 

lated 
(- 4 Pr) 

4-CD“14Me 100 

(- 14 Meth) 25 

0-CD- IOC 

(- 7 S0 4 ) 25 

/3-CD 

(~ 4 pro- 25 

poxylated) 

(- 14 S0 4 ) 


a-CL 

(- 12 S0 4 ) 


7“ CD 

(- 16 S0 4 ) 


Avascula: 

zones 

5+0.3 

0 

0 

0.04 

0 

29+10.5 
31+ 9.7 


22 + 5.7 

20+ 4.2 

20+ 9.6 
8+3.1 


£-CD-TD3 
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Solubility, 

0 *C, 

n/100 ml h_0 


17+ 4.7 
4+ 2.7 


32+ 5.3 
19+ 1.7 


55+ 7.5 
75+ 5.8 
58+ 7.0 


Insufficient material available for solubility 
determination. y 



IMP 




! MM 


mm 




RS] 


life 




N&M 


35 











. 




& -V-> V^fcwH* 






irmn 




s^i^sS' 

“&#i§s! 


CT/tSo9/00i75 


Example 23 

This example illustrates that Certexolone with ,3-CD- 
TDS is an exceptionally effective antiar.giogenic composition. 
Cortexolcne is closely related to .cortisone chemically. 

5 However, it possesses almost none of the functions of 
cortisone, except for the antiangioger.ic effect in the 
presence of heparin. 

Corxexolone, 50 pl/10 pi alone, gave zero % avascular 
zones in the CAM assay. 

1( j At the same dosage level, with 25 pg/10 pi of ,5-CD- 

TDS, the CAM assay showed 85% avascular zones of which 31% 
are (+-*•) or greater. 


Example 24 

This example demonstrates that the angiostatic activity of 
L-2-azetidinecarboxylic acid, which has some inherent 
angiostatic activity, is strongly potentiated by the presence 
of CD-TDS . The results of the CAM assay, in the absence and 
2 q presence of CD-TDS, are given in Table IV, Examples 24(a) and 
24(b), respectively. 
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TABLE IV: L-2-A2ETIDTHF 
pg/IQ <*1 CD— TPS % Avascular Zones 


g (a) L-2-Azetidine 
(b) L-2-Azetidine 


50% of hh£s<3 ^Vcisculum zones veire 2*r • , and 25% were 3 y 
x«e« / the largest avascular zones ever observed, great; 
than 10 mm. , 


Example 25 

This example demonstrates the 4 -CD-TDS is about three 
times as effective as whole heparin in suppressing smooth 
muscle cell (SHG) growth when each is used alone (i.e., 
without exogenous corticosteroid or other supplementation) . 
The bioassay of this activity was made using tissue cultures 
r 3-t aortic SMC and calf aortic SHC, with dosages ranging 
from 0.03 pg/ml up to 400 ^g/ml. 

The results are shown graphically in FIG. 2(A) and 


Example 26 

This example demonstrates that topical administration 
25 Qt d-C-TDS in combination with hydrocortisone effectively 
inhibits neovascularization in the cornea. 

The rabbit corneal test described by Perlin, Fed. 

Proc. 3_G:10l (1977) modified as described below / was employed 
to examine the effectiveness of a combination of £-CD-TDS and 
30 hydrocortisone . In this corneal test, a sustained release 
polymer impregnated with bacterial endotoxin was first 
implanted in rabbit corneas. Endotoxin slowly released from 
this implant induces angiogenesis in the cornea in a manner 
analogous to the neovascularization observed in patients 
35 rejecting a corneal transplant. Rather than employing a 
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second iaplant containing the test substance to deliver such 
test substance as generally used, in the present experiments 
the test siihscai.ce was applied topically to the cornea, i.e., 
in the fora of eye drops. Animals . having received an 
5 endotoxin-containing implant: were divided into four groups 
and were treated by topical application (eye drops) as 
follows: 

Group l, was not treated further and served as the control 
group; Group 2, received hydrocortisone alone (0.5 mg/ml); 

10 Group 3, hydrocortisone-2 1-phosphate and £-CD-TDS , (0.5 mg/al 
and 1.0 ag/al, respectively;; and Group 4 , /9-CD-TDS (1.0 ■ 
mg/ml) . The diluent for the eye drops was saline in all 
cases. FIG. 3 (A-D) illustrates the results typically 
obtained on the 9th day post-iaplantation ar.d treatment. 

15 shown in the photographs of FIG. 3, a combination 

of hydrocortisone and .d-CD-TDS when topically applied to the 
cornea was vary effective in inhibiting angiogenesis (FIG. 

3C) . ihe efficacy of this treatment is particularly apparent 
when the results obtained are compared to those observed in 
20 untreated or control group (FIG. 3C vs FIG. 3A) . In 

fact, in animals treated with hydrocortisone and ^-CD-TDS, 
capillary growth was not only inhibited, but also new 
capillaries which had formed before initiation of the 
treatment regressed (FIG. 3C) . On the other hand, 

25 h Y droc °rtisone alone produced only a slight inhibition of 
angiogenesis (FIG. 3B) . ^-CD-TDS alone caused a slight 
stimulation of angiogenesis (FIG. 3D) . 

m another series of experiments , the antiar.giogenic 
activity of a water-soluble cyclodextrin salt derivative in 
30 birmuior. with cortexoione was evaluated using the rabbit 
cornea test as described by Giabrone et al., j. Mat'l Cancer 
-n_u. 5^.nl3 (1974). In these experiments, coli endotoxin 
(17 pg/ca ) incorporated into sustained release polymer 
pellets of ethylene vinylacetate copolymer [Zlvax, Sigma 
3 5 Chemical, St. Louis, HO (hereinafter 'Elvax") ] was implanted 
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between the vascular linbal edge of the rabbit corneas. The 
test substance (s) were administered by means of a second '*** 
Eivax implant incorporating the particular test substance. 

Eivax containing endotoxin was implanted into the 

corns^s or L2 r r w. ^ f i _ . , _ ^ , 

- . . ^..e aniadis were then divided inrc 4 


groups, and 4 eyes were treated for' each group as follcws • 
Group i, received no further treatment and served as thl" 
control group; Group 2, 0-CD-TDS at 15 pg/mn 3 Eivax pel-let ■ 
Group 3, cortexolone at 30 pg/mm 3 Elva,; pellet; and Ground 
10 a combination of ^-CD-TDS and cortexolone incorporated into 
an £,xvax pellat at a final concentration of 15 pg/mm 3 Eivax” 
or ^-CD-TDS and 30 ag/mm 3 Eivax of cortexolone. The vessel 
length of new capillary growth was measured every 2 davs with 
a slit-lamp stereoscope at 10X using an ocular grid 
15 calibrated to + c.l am-.- 

Measurement of vessel length alone underestimates the 
extent of antiangicgenic activity because such measurement 
does not assess capillary density. Thus, the vessel density 
was also evaluated and graded using the following scale: 0=no 
20 vessels/cornea; 1 = 1-4 vessels/cornea; 2=5-20 vessals/cornea ; 
3=20-50 vessels/cornea; and 4=more than 50 vessels/cornea. 
This grade was then multiplied by mean maximal length of the 
vessels to obtain a semi-quantitative estimate of vessel 
density ; length-density index) for each cornea. Results 

25 obtained are graphically illustrated in FIG. 4 and tabulated 
in Table V. 

As demonstrated in FIG. 4, the largest difference 
between treated and control corneas was observed on day 13 
after implantation of the Eivax pellets. The mean vessel 

!0 lengths and vessel -ensity observed on day 13 are listed in 
Table V. 
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TABLE V 

INHIBITION OF ANGIOGENESIS IN CORNEAS 


Inhibition (% of .Untreated Control Grou 


o-CD-TDS 

Cortexolone 


Cortexolone 

Alone 


o-CD— TD‘ 
Alone 




Vessel Length 
Vessel Density 


Percentage greater 
vessel development 


164% 

303% 


\ 100% reoresents stimulation of 


i- 1 As shown in Table V, a combination of £-CD-TDS and 

cortexolone inhibited linear capillary blood vessel growth to 
about 13% of that observed in untreated eyes. When capillary 
density was estimated, this combination suppressed vessel 
density to about 8% of that observed in untreated eyes. In 
20 contrast, as shown in Table V, when- administered alone, 

cortexolone inhibited linear vessel growth only to about 49% 
and vessel density to about 61% that observed in untreated 
eyes. Surprisingly, as further demonstrated in Table V, 
administration of £-CD-TDS alone, stimulated vessel growth by 
25 about 164% and vessel density by about 303% above that 
observed in untreated eyes. 

Based on these results, Lt is clear that 
administration of a cyclcdextran sait derivative in 
combination with a steroid according to the present 
30 invention, is an effective method for inhibiting angiogenesis 
in ophthalaological tissues. 
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WHAT IS CIAIKZD IS : 

1. A composition for inhibiting' undesired or 
pathological cell or tissue growth, including angiogenesis, 

5 in mammals, including humans, ccnprising ( 1 ) a derivative of 
cr 7-cycIcdextrin in combination with ( 2 ) a iarenu 
growth- inhibiting steroid or a ncn-stsroidal orovth- 
inhibiting organic compound, in which the derivative is 
characterised by a solubility at 0 *c in distilled water at 

10 leas ~- about 20 gm/ml of water. 

2. The composition according to claim i. .in which th 
derivative of a-, 3 ~ or 7 -cyclodextrin is an anionic salt 
derivative of said cyclodextrin having substituents selected 

15 from the group consisting of- sulfate, phosphate, carboxylate 
and mixtures thereof associated with a physiologically 
acceptable cation. 

3. The composition according to claim 2 , in which the 

20 der ^ vat i ve of a-, 3 - or 7-cyclodextrin is a cyclodextrin 
sulfate . 

4. The composition according to claim 3, in which the 
cyclod-jxtrin sulfate is ^-cyclodextrin tetradeca sulfate. 

25 

5. The composition according to claim 1, in which the 
steroid has 17 -alpha and 21-hydroxyl groups, 3- and 20-one 
groups and ir. the 16-position hydrogen, hydroxy or a methyl 
group and ncn-toxic, physiologically acceptable carboxylates , 

20 acsta l.- Petals and phosphates thereof. 


6. The composition according to claim 3, in which the 
steroid has 17-alpha and 21-hydroxyl groups, 3- and; 20-one 
groups and in tna 16-position hydrogen, hydroxy or a methyl 
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group and non-toxic, physiologically acceptable carboxylates, 
acetal, ketals and phosphates thereof. 

7. The composition according to claim 4, in which the 
5 steroid has 17-alpha and 21-hydroxyl groups, 3- and 20-one 
groups and in the iS-positicn hydrogen., hydroxy or a methyl 
group and non-toxic, physiologically acceptable carboxylates, 
acetal, ketals and phosphates thereof. 

,q 8 . The composition according to claim 7, in which tho, 

steroid is cortisone, hydrocortisone or cortexolone. 

9. The composition according to claim 1, in which the 
non-steroidal growth-inhibiting organic compound is L-2-' 

^ azetidinecarboxylic acid and the derivative of cyclodextrin 
is a cyclodextrin sulfate. 

10. A method for inhibiting undesired or pathological 
cell or tissue growth, including angiogenesis, in mammals, 
including humans, comprising administering to a mammal a 
growth- inhibiting amount of active agents consisting 
essentially of ( 1 ) a derivative of a-, 0- or 7 -cyclodextrin 
in combination with ( 2 ) a latent growth-inhibiting steroid or 
a non-steroidal growth- inhibiting organic compound, the 

25 derivative being characterized by a solubility at 0*C in 
distilled water of at least about 20 gm /100 ml of water. 

11. A method for inhibiting angiogenesis in mammals, 
including humans, comprising administering to a mammal an 

2 q sngiogenesis-inhibiting amount of active agents consisting 
essentially of ( 1 ) a derivative of a-, 0- or 7 -cyclcdextrin 
in combination with ( 2 ) a latent growth-inhibiting steroid or 
a ncn-steroidal growth-inhibiting organic compound, the 
derivative being characterized by a solubility at 0*C in 

3 5 distilled water of at least about 20 ga/100 ml of water. 
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12. The method acording to claim 10, in which the 
derivative of «-, *- or 7 -cyclcdextrin is a salt consisting 
essentially of an anionic derivative of a cyclcdextrin having 
substituents selected from the group consisting of sulfate, 

5 P^cspha _e , carboxyl a ta and mixtures thereof assocatsd with a 
non-toxic ohvsiolccica llv accetable cation. 

13. The method according to claim 12, in which the 
salt of a-, .5- or 7-cyclcdextrin is a cyclodextrin sulfate. 

0 . 

14. The method according to claim 13, in which the - 
sa lt is 5-cyclodextrin sulfate. 


15. The method according to claim 10, in which the 
15 steroid has 17-alpha and 21-hydroxyl groups, 3- and 20-cne 
groups and in the 16-position hydrogen, hydroxy or a methyl 
group and non-toxic, physiologically acceptable carboxylates , 
acetal, ketals and phosphates thereof. 


20 16 * The ns ' t hod acording to claim 10 , in which the 

steroid is cortisone, hydrocortisone or cortexolone. 

17. The method according to claim 10, in which the 
non steroidal growth- inhibiting organic compound is L-2- 
25 azetidinecarboxylic acid. 


IS. A method for inhibiting the pathological growth 
of smooth muscle cells in mammals, including humans, 
comprising administering to a mammal, a growth-inhibiting 
30 amcuj "it of a derivative of a—, or 7 — cyclodextrin, the 
derivative being characterized by a solubility at 0*C in 
distilled water of at least about 20 gm /100 ml of water. 

19. The method according to claim 18, further 
35 COD Prising administering an amount of a latent growth— 
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inhibiting steroid or a ncn-steroidal growth- inhibiting 
organic compound, the derivative being characterized by a 
solubility at 0*C in distilled water of at least about 20 
gm/100 al of water. 
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